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ABSTRACT.— Bird colour perception differs fundamentally from that of humans. Birds have more
cone types in the retina, including UV or violet cones, which enable them to perceive a wider
spectral range. Thus, human colour perception can be deceiving when assessing functional aspects
of bird plumage coloration, such as the intensity of sexual selection. In this study we measured
reflectance spectra of different plumage regions of male and female Burrowing Parrot (Cyanoliseus
patagonus) individuals. Although not obvious to human eyes, spectrometry revealed that adults
are sexually dichromatic. Plumage regions with structure-based (blue) and structure-psittacofulvin
pigment-based (green) coloration differed in achromatic brightness. In contrast, the psittacofulvin-
based (red) region differed in spectral shape between the sexes. Thus, Burrowing Parrot is
among the growing number of bird species which were formerly classed as sexually monochro-
matic based on human vision, but which are actually sexually dichromatic.
KEY WORDS: Burrowing Parrot, Patagonia, psittacofulvin-based coloration, psittacofulvins, sex differenc-
es, sexual dichromatism, structural coloration.
RESUMEN. DICROMATISMO SEXUAL OCULTO EN EL LORO BARRANQUERO (CYANOLISEUS PATAGONUS) REVELADO
POR MEDIO DE ANÁLISIS ESPECTROMÉTRICOS.— La percepción del color por parte de las aves difiere
esencialmente de la de los humanos. Las aves tienen más conos en su retina, incluyendo conos
sensibles al ultravioleta y violeta, los que les permite percibir un rango espectral más amplio. Por
lo tanto, la percepción humana de los colores puede engañar a la hora de evaluar aspectos
funcionales del color del plumaje de las aves, tales como la intensidad de la selección sexual. En
este trabajo se midieron los espectros de reflectancia de diferentes regiones del plumaje de
machos y hembras de Loro Barranquero (Cyanoliseus patagonus). Si bien no resulta obvio a los
ojos humanos, las mediciones espectrométricas revelaron que los adultos son sexualmente
dicromáticos. Regiones del plumaje con coloración basada en la estructura (azul) o con color
basado en una mezcla de estructura y psittacofulvinas (verde) difirieron en el brillo acromático.
En cambio, la coloración basada en psittacofulvinas (rojo) difirió en la forma del espectro entre
los sexos. Por lo tanto, el Loro Barranquero es una más de un creciente número de aves que, de
acuerdo a la visión humana, fueron previamente clasificadas como sexualmente monocromáticas
pero que, en realidad, son sexualmente dicromáticas.
PALABRAS CLAVE: coloración basada en psittacofulvinas, coloración estructural, dicromatismo sexual, dife-
rencias sexuales, Loro Barranquero, Patagonia, psittacofulvinas.
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Sexual dichromatism, defined as differences
in the coloration of males and females of the
same species, is thought to have evolved in
response to selection pressures that differ
between the sexes (Badyaev and Hill 2003; see
also Heinsohn et al. 2005). Based on human
visual perception, birds have traditionally been
classified as sexually monochromatic or di-
chromatic species. However, this classification
could be subjective if assessed from a human
vision perspective. This is due to the fact that
bird colour perception differs fundamentally
from that of human beings: they have a wider
spectral range and more cone types in the retina
(Hill and McGraw 2006). The possession of UV
or violet cones allows birds to see colours that
humans cannot experience (Hill and McGraw
2006). Recent discoveries based on feather
spectrometry showed that presumed sexually
monochromatic birds were actually sexually di-
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chromatic (e.g., Andersson et al. 1998, Cuthill et
al. 1999, Mahler and Kempenaers 2002, Eaton
2005, Tubaro et al. 2005, Santos et al. 2006). Sexual
dichromatism has often been used as a measure
of the intensity of sexual selection (e.g., Møller
and Birkhead 1994, Owens and Hartley 1998;
but see also Badyaev and Hill 2003). In many
polygamous birds, the more competitive sex
develops more ornate plumage than the choosy
sex, whereas large differences between the sexes
in parental care lead to the development of more
cryptic plumage in the caring sex. Monogamous
species are usually less dichromatic (e.g., Owens
and Hartley 1998).
In many Psittaciformes, the genders are indis-
tinguishable to the human eye and hence these
species have been traditionally classified as
monochromatic. However, although most
species appear to be monogamous (e.g., Masello
et al. 2002), spectrometric measurements of
plumage coloration suggests that dichromatism
may be more frequent than previously thought
when the UV part of the spectrum is considered
(Santos et al. 2006). Psittaciformes, like several
other orders of birds, possess ultraviolet-
sensitive cones (UVS; Hill and McGraw 2006).
Related to this, they also show ultraviolet reflec-
tance in their plumage coloration (Burkhardt
1989, Pearn et al. 2003, McGraw and Nogare 2005,
Santos et al. 2006, Masello et al. 2008) that at least
one species uses in mate choice decisions (Pearn
et al. 2001).
Psittaciformes have evolved a unique way to
produce their bright plumage coloration.
Parrots and cockatoos use lipochromes (Kruken-
berg 1882, Völker 1936, 1937, 1942) to produce
the bright red-to-yellow hues in their feathers.
These polyenal lipochromes, called psittaco-
fulvins, have been known to science for a long
time (e.g., Krukenberg 1882). Nevertheless, their
biochemical identity, structure and distribution
have been investigated only recently (Veronelli
et al. 1995, Stradi et al. 2001, Morelli et al. 2003).
In a study across 27 genera, McGraw and Nogare
(2005) found that the 5 identified psittacofulvins
occurred in all parrots they investigated. The
absence of carotenoids reported for the plumage
of Psittaciformes suggests that they avoid
depositing or are unable to deposit such pig-
ments in feathers (Völker 1936, 1937, 1942, Stradi
et al. 2001, McGraw and Nogare 2004, 2005).
Psittaciformes also exhibit striking blue struc-
tural colours produced by feather nanostructu-
res and green colours, which are a combination
of structural colour and yellow psittacofulvin
pigments in particular arrays (e.g., Dyck 1971a,
1971b, 1992, Finger et al. 1992, Prum et al. 1999,
Prum and Torres 2003). Recent studies highlight-
ed the importance of UV-blue structural colours
in sexual signalling in birds (e.g., Doucet and
Montgomerie 2003, Shawkey and Hill 2005).
The Burrowing Parrot (Cyanoliseus patagonus)
is a colonial Psittaciformes that, in Argentina,
mainly inhabits the Monte Phytogeographical
Province, a scrubland characterized by bushy
steppes and xerophytes (Cabrera 1971). This
species needs sandstone, limestone or earth cliffs
or “barrancas” (gorges or ravines) to excavate
nest burrows (e.g., Masello et al. 2001, 2006b).
Recently, various aspects of the breeding biolo-
gy of the Burrowing Parrot have been studied
extensively (e.g., Masello and Quillfeldt 2002,
2003, 2004a, 2004b, 2008, Masello et al. 2002, 2004,
2006a, 2006b, 2008, 2009). The species has a socially
and genetically monogamous breeding system
with intensive biparental care (Masello and
Quillfeldt 2002, 2003, 2004a, Masello et al. 2002,
2004, 2006b). The Burrowing Parrot shows slight
size dimorphism, males being larger (about 5%)
than females (Masello and Quillfeldt 2003). Like
other parrots, they do not deposit carotenoids
in their feathers (Masello et al. 2008); instead
they have a psittacofulvin-based red patch in
the centre of the abdominal region (Masello and
Quillfeldt 2003, 2004b, Masello et al. 2004, 2008).
Adult males have larger abdominal red patches
than females (Masello and Quillfeldt 2003).
Recent work questioned sexual monochroma-
tism in the Burrowing Parrot. Using a method
based on human colour perception (RGB: red,
green, blue; Masello et al. 2004), differences in
hue of the red abdominal patch between male
and female parrots were detected (Masello et al.
2004). The same study also found that the red
patch is a good predictor of female body condi-
tion and male size, suggesting that the red color-
ation acts as a signal of individual condition,
quality and parental investment (see also Ma-
sello and Quillfeldt 2004b). However, those pre-
vious studies used methods based on the
human-visible spectrum (400–700 nm), while
birds have a wider spectrum (320–700 nm), and
thus will perceive colours differently to humans
(Hill and McGraw 2006). More recently, the
condition-dependence of the red psittacofulvin
and blue structural colours in the Burrowing
Parrot have been investigated with the use of
reflectance spectrometry (Masello et al. 2008).
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Results suggested that the intensity of both the
structural and the psittacofulvin-based colours
of nestling parrots (Masello et al. 2008) was
influenced by the conditions experienced dur-
ing feather growth. In the present study, with
the use of reflectance spectrometry, we measure
red (psittacofulvins-based), green (mixed) and
blue (structural-based) plumage coloration in a
population of wild Burrowing Parrot of north-
eastern Patagonia (Argentina). We test whether
the variability observed in coloration is related
to differences between the genders.
METHODS
Bird sampling
The study was carried out during four breed-
ing seasons (Oct 1998–Feb 1999, Nov 1999–
Jan 2000, Nov 2001–Jan 2002, Nov 2003–Jan 2004)
at the largest colony of the Burrowing Parrot
located in a cliff facing the Atlantic Ocean in
north-eastern Patagonia, Argentina (Masello et
al. 2006b). The habitat in the surroundings of
the colony belongs to the north-eastern Patago-
nian region of the Monte Phytogeographical
Province, characterized by bushy steppes and
xerophytes (Cabrera 1971).
According to accessibility, 79 nests were closely
monitored in one region of the colony (41°03'S,
62°48'W) as part of an ongoing study of the
breeding behaviour of the species (e.g., Lubjuhn
et al. 2002, Mey et al. 2002, Blank et al. 2007, Ma-
sello et al. 2009 and references therein). Nests
were inspected every five days by climbing the
cliff face. Adult parrots were captured in their
nests only during the breeding season and while
attending nestlings.
Birds were sexed using PCR amplification of a
highly conserved W-linked gene as previously
described (Lubjuhn and Sauer 1999, Masello
and Quillfeldt 2004b). Blind duplicate and
triplicate blood samples were analysed in order
to ensure the accuracy of the gender determi-
nation. In all cases duplicates and triplicates
confirmed the results. The age of the adult birds
remained unknown.
The Burrowing Parrot tends to desert its nest
in response to disturbance during incubation
and the first week after hatching (Masello et al.
2002). In order to reduce observer influence,
nests were not disturbed until about five days
after the estimated hatching date of the last nest-
ling of a clutch. Blood sampling for gender
determination had no detectable adverse effects
on the birds. After measuring and sampling, the
birds were released in their burrows. No deser-
tion occurred. The number of fledglings and
the pre-fledgling nestling size of handled nests
were within previously reported ranges
(Masello and Quillfeldt 2002, 2003, 2004a).
Feather sampling, colour measurements
and analysis
The first time the adults were captured in the
nest one feather from the centre of the abdomi-
nal red patch and the green-blue fourth second-
ary covert of the right wing were sampled for
further analyses. All feathers were sampled dur-
ing December. As in early studies of feathers
(e.g., Cuthill et al. 1999, Langmore and Bennett
1999, Quesada and Senar 2006), we sampled
feathers that were representative of the colour
of the rest of the patch. The feathers of the
abdominal red patch were selected for colour
analyses following previous studies (see Masello
and Quillfeldt 2003, 2004b, Masello et al. 2004)
that revealed this patch as a conspicuous
secondary sexual character signalling individ-
ual quality and parental investment. Likewise,
the blue colouration of the wing feathers is very
conspicuous in the Burrowing Parrot, particu-
larly during flight. As in earlier studies (e.g.,
Mays et al. 2004, Moreno et al. 2007), just one
representative feather of the colour was sam-
pled in order to reduce disturbance to the birds:
(1) the green-blue secondary coverts are the only
feathers with blue colouration that can be easi-
ly collected without affecting flight capability,
and (2) sampling of feathers of the abdominal
red patch can affect the thermoregulation capa-
bility of the adult birds, which brood their nest-
lings overnight during the entire nestling
period (Masello et al. 2006b). The secondary
coverts are moulted after the end of the breed-
ing season (January; Masello and Quillfeldt,
pers. obs.). In contrast to the wing feathers, the
red abdominal feathers are not moulted during
the breeding season (Masello and Quillfeldt,
pers. obs.), but according to aviculturists they
are moulted following wing moult (C Doty and
D Willis, pers. com.). Thus, all the feathers
sampled for our study grew 9–11 months before
sampling. Feathers may change their quality as
the birds move in and out of the sandy bur-
rows. We expect the effects of this abrasion to be
homogeneous among sampled feathers, as all
studied burrows belong to the same geological
formation (Masello et al. 2006b) and thus, have
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similar physical characteristics (e.g., sand of
similar granule size, humidity).
Feather reflectance was measured at the Univ.
of Bristol following earlier developed proce-
dures at the School of Biological Sciences (e.g.,
Langmore and Bennett 1999, Pearn et al. 2001).
The distal region of the red feathers of the ab-
dominal patch of the Burrowing Parrot is red,
while the medial region is increasingly yellow
and the basal region is greyish, so four measure-
ments were taken only in the exposed part of
the centre of the red region (referred to through-
out this paper as ‘the red region’). The outer
web of the green–blue fourth secondary coverts
has a distal green region and a blue basal region
(referred to throughout this paper as ‘the green
region’ and ‘the blue region’). Four measure-
ments (each from a 2-mm diameter spot) were
taken within the exposed part of each region.
For each individual, the mean of the measure
spectra was used in further analyses (see below).
Avoiding the overlap of feather barbs, all feath-
ers were carefully mounted on black velvet
during measurement to eliminate stray reflec-
tions. Within feathers, regions were randomly
allocated for spectrometric measurements over
time, and feathers from each individual were
allocated over time in a randomised block
design (see Bennett et al. 1997). Feathers were
illuminated from the proximal end, at 45° to the
surface, using a Zeiss CLX 500 Xenon lamp.
Reflected light was collected at 90° to the sur-
face, using a Zeiss GK21 goniometer and the
spectrum determined with a Zeiss MC 500 UV-
VIS spectrometer. Reflectance was measured
relative to a 99% SpectralonTM white standard,
at a wavelength range of 300–700 nm. White
references were taken between each region and
between each bird, and the reflectance standard
was crosschecked against a virgin standard
prior to the study. Dark references were per-
formed before each sample. We restricted spec-
tral analyses to wavelengths from 300–700 nm,
as most birds are sensitive to ultraviolet UVA
wavelengths and 700 nm is likely the upper
limit of the vertebrate visual spectrum (Jacobs
1981, Hill and McGraw 2006). Measurements
were done blind to the gender of the individual.
Statistical procedures
Unrotated Principal Components Analyses
(Sokal and Rohlf 1994) on reflectance spectral
data at 2.43 nm intervals were performed sepa-
rately for each feather region. Several authors
(e.g., Endler 1990, Bennett et al. 1997, Cuthill et
al. 1999) recommended Principal Components
Analyses of reflectance spectra as an objective
way of describing variation in reflectance due
to the fact that principal components are inde-
pendent of the visual system of humans. The
Principal Components Analyses extracts three
principal components for each colour region
and the corresponding scores for each individ-
ual, called hereafter PC1, PC2 and PC3. The first
principal component is essentially flat and
therefore describes variation in mean reflectance
(also termed brightness or achromatic variation,
sensu Endler 1990, Bennett et al. 1997, Cuthill et
al. 1999). The first principal component by this
definition explains most of the between-spectra
variation (Endler 1990, Endler and Théry 1996,
Bennett et al. 1997). As in other studies, the sec-
ond and third principal components represent
variation in spectral shape (i.e., chromatic vari-
ation) and are therefore indirectly related to hue
and saturation (e.g., Endler and Théry 1996,
Bennett et al. 1997, Cuthill et al. 1999).
Data were analysed using SPSS 11.0. Through-
out the following analyses, we used only data
obtained for the first time for each bird or each
breeding pair. Sample sizes for different analy-
ses and figures varied as not all feathers were
available for all colour-measured birds. For some
of the analyses t-values are given in addition to
F-values in order to show the direction of the
studied relationships. In order to control for
multiple testing, P-values were considered sig-
nificant only if they were lower that a Dunn-
Šidák critical P-value, calculated following the
procedure described in Sokal and Rohlf (1994).
Used data corresponded to 74 males and 79 fe-
males in the blue and green regions, and 76 and
77 in the red region.
RESULTS
Figure 1 shows the mean reflectance curve for
three feather regions of the Burrowing Parrot.
Reflectance curves of all three regions revealed
some reflection in the UV. The main variability
was in the first principal component (PC1; ach-
romatic variation) for all three colours (Table 1).
Multivariate Analyses of Variance of all adult
birds considered together revealed slight (high
Wilks’s l) but highly significant sexual differ-
ences for all three plumage regions (Table 1).
When the influence of the sampling year was
taken into account in a General Lineal Model,
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results showed that green and blue regions of
male and female differed in brightness while
the red region differed in spectral shape be-
tween the sexes (Table 1).
When only breeding pair members were
considered, pair-wise t-tests also demonstrated
sexual differences for all three plumage regions
(Table 1). In particular, males had higher achro-
matic brightness in the green feathers than their
female partners, denoted by higher PC1 (Table 1,
Fig. 1A). In contrast, the blue feathers of females
had higher brightness than their male partners,
denoted by higher PC1 (Table 1, Fig. 1B). The
PC2 of red feathers of males were higher than
those of their female partners, while there were
no differences in brightness between the sexes
in a pair (Table 1, Fig. 1C).
DISCUSSION
In this study, using reflectance spectra of plum-
age regions, we analysed sexual dichromatism
of both the structural and the psittacofulvin-
based colours of wild Burrowing Parrot indi-
viduals. Although the Burrowing Parrot is not
obviously dichromatic to humans (Masello et
al. 2004), the present results showed slight but
highly significant sexual differences in the
coloration of the three plumage regions studied.
While structure-based (blue) and structure-
pigment-based (green) plumage regions differed
in brightness, the psittacofulvin-based (red)
region differed in spectral shape among the
sexes. Within pairs, males had higher bright-
ness in the green regions while females had
higher brightness in the blue regions. Males of
a pair had higher values of the second princi-
pal component (indirectly related to hue and
saturation) in the red region, which is in accor-
dance with previous results based only on the
human-visible spectrum (Masello et al. 2004).
Plumage coloration has been found to play an
important role in mate choice in many species
(e.g., Bennett et al. 1997, Pearn et al. 2001, Hill
Figure 1. Mean reflectance curves of the (A)
green,  (B) blue, and (C) red feather regions
(see text) of wild female and male individuals
of Burrowing Parrot (Cyanoliseus patagonus) of
north-eastern Patagonia, Argentina, and val-
ues of principal component coefficients (PC1,
PC2 and PC3) from a Principal Components
Analysis on reflectance spectral data plotted
against wavelength.
î
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and McGraw 2006). Large plumage dichroma-
tism is usually associated with polygamous spe-
cies and high levels of extra-pair paternity (e.g.,
Møller and Birkhead 1994, Owens and Hartley
1998), while monogamous species should dis-
play less coloration differences among the
genders. Consequently, variation in the extent
of sexual dichromatism among bird species is
traditionally attributed to differences in social
mating system. Genetically monogamous
species like the Burrowing Parrot in this study
(see Masello et al. 2002) are expected to display,
at most, little sexual dichromatism. This is in
line with the findings here reported. In this
context, our results suggest mutual mate choice
in the Burrowing Parrot, which is consistent
with the genetic monogamy found in the spe-
cies. In many monogamous birds with intense
biparental care, like the Burrowing Parrot
(Masello and Quillfeldt 2003, 2004a, Masello et
al. 2006b), the individual characteristics (e.g.,
plumage coloration) of a male partner of high
quality are therefore likely to be similar to those
of a female partner of high quality (Jones and
Hunter 1999). Some previous findings in this
species (Masello and Quillfeldt 2003) provide
support to our interpretation. The red abdomi-
nal patch of adult males positively correlated
with male body condition and body mass
suggesting that this ornament is a signal of male
individual quality or foraging ability (Masello
and Quillfeldt 2003). The Burrowing Parrot
mated assortatively with respect to body condi-
tion and the size of the red abdominal patch
(Masello and Quillfeldt 2003). That is, male
parrots in good body condition and with large
red ornamental patches will tend to mate with
females in good body condition and with large
ornamental patches (Masello and Quillfeldt
2003). Alternatively, the observed assortative
mating could also be caused by genetic correla-
tion, where the trait selected in males is also
expressed in females because of gene coding.
But nevertheless, additional support for our
interpretation is provided by the observed
condition-dependence of psittacofulvin- and
structural-based coloration in the Burrowing
Parrot (Masello et al. 2008). The sexual dichro-
matism here reported is also consistent with the
slight dimorphism previously found (Masello
Table 1. Sexual dichromatism in a population of Burrowing Parrot (Cyanoliseus patagonus) of north-
eastern Patagonia, Argentina. The proportion of variance explained by each principal component (PC1,
PC2 and PC3) from a Principal Components Analysis on reflectance spectral data for three feather
regions (green, blue, and red; see text) is indicated. PC1 represents achromatic brightness; PC2 and PC3
describe most of the chromatic variation (spectral shape). Also shown are the results of three tests for
sex differences: a Multivariate Analysis of Variance based on Principal Components Analysis scores, a
General Lineal Model Analysis with the scores as dependent variable and sex and year as factors, and a
Pair-wise t-test between the principal components of members of a breeding pair.
 Variance 
Multivariate Analysis 
 of Variance 
General Lineal 
Model Analysis Pair-wise t-test a Sex 
Region explained Wilks’s λ P F P t P difference? 
Green  0.876 <0.001 b     Achromatic 
  PC1 0.714   21.58 <0.001 b -3.97 <0.001 b  
  PC2 0.199   0.54 0.464 -1.36  0.178  
  PC3 0.045   0.02 0.903 0.67  0.504  
Blue  0.905 0.002 b     Achromatic 
  PC1 0.664   16.23 <0.001 b 2.86  0.006 b  
  PC2 0.257   <0.01 0.995 1.50  0.138  
  PC3 0.061   4.17 0.043 -1.72  0.089  
Red  0.881 <0.001 b     Chromatic 
  PC1 0.775   0.50 0.830 0.83  0.407  
  PC2 0.137   18.28 <0.001 b -2.58  0.012 b  
  PC3 0.063   0.29 0.865 -0.31  0.760  
a Positive t-values denote higher values (more positive) in females than males. 
b Significant P-values with respect to  the Dunn-Šidák critical (P = 0.017) used to control for multiple testing. 
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and Quillfeldt 2003) and with previous work
on the plumage coloration of this species based
on methods using human colour perception
(Masello et al. 2004). Regarding other Psittaci-
formes, slight but consistent sexual dichroma-
tism has been reported in another recent
spectrometric analysis on the Turquoise-fronted
Amazon (Amazona aestiva) (Santos et al. 2006).
An interesting result of our study is the higher
brightness of females in blue plumage regions
compared with their partners, opposite to the
typically expected pattern. Brighter plumage in
females is often related to sex role reversal
(Andersson 1994; but see also Heinsohn et al.
2005), which is not the case in the Burrowing
Parrot, a species with intensive biparental care
(Masello et al. 2006b). Our results are, however,
consistent if the observed higher brightness of
the blue colour in females is the less favoured
state; i.e., if an overall darker blue such as
observed in males is perceived as more intense
as suggested in our recent study on the condi-
tion dependence of the psittacofulvin- and
structural coloration (Masello et al. 2008). On a
mechanistic level, work by Shawkey et al. (2003)
suggests that the nanostructure of the spongy
layer of blue feathers of the Eastern Bluebird
(Sialia sialis) correlates with parameters of
spectral shape, but not with achromatic bright-
ness. They suggest that differences in total
brightness might be caused by morphological
features outside the spongy layer, or by the num-
ber of melanin granules in the barbules of the
feather that likely contribute to the brightness
of the feather (Shawkey et al. 2003, Shawkey and
Hill 2006). It remains to be determined what
causes differences in achromatic brightness of
the structural colours observed in the Burrow-
ing Parrot, a species where a spongy ultrastruc-
ture is also present (Dyck 1977).
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